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(54) Portable machine tool 

(57) The machine tool (10), particularly for machining the fan seal lining (24) of a gas turbine engine (12), comprises a 
rotatable arm (26), mounted on a shaft (16) of the engine (12). The arm (26) is driven by an electric motor (160) through a 
gearbox (162) attached to a free standing power unit (138). The arm (26) has a machining head (30) with a cutting tool. A 
guide plate on the head is contacted by a follower movable axially with the cutting tool to cause rt to follow a profile formed 
on the guide plate to cut the profile in the lining (24). The tool is manually radially adjusted and motor driven axially. A seal 
box (36) around the tool is coupled in the arm interior and other passages to a suction device. The head has a gauge 
assembly for contacting the lining (24). 




At least one drawing originally filed was Informal and the print reproduced here Is taken from a later filed formal copy. 
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TMn^nviTMENTS IN OP PF.tATING TO MACHINE TOOLS 
This invention relates to machine tools, particularly 
machine tools which can be transported and attached to a 
workpiece for n,achining operations to be performed 

Transportable machine tools are frequently used where 
it is more convenient to take the tool to the workpiece^ 
because the workpiece is large and heavy and cannot be 
readily attached to a static machine tool for removal of 

material . t^o 
For example, in the case of modern gas turbine 
engines which have a large diameter bladed fan driven by a 
coL engine, the fan rotates in a casing having a fan seal 
lining made of abradable material. The casing can be many 
feet in diameter, and the clearance between the txps of 
the fan blades and the seal lining has to be as --^^ 
possible in the operating condition to maximxse engine 
efficiency. It is necessary to machine the 
lining to the correct diameter when the engxne xs not 
operating in order to ensure attainment of an optxm^ 
operating clearance, and this may not be easy or even 
possible on a static machine tool because of the large 
diameter of the fan casing. 

Also, When the engine is mounted on an aircraft, the 
fan casing will distort slightly so that the fan seal 
lining wi!l not be exactly circular. It is therefore 
desirLle to machine the fan seal lining with the engine 
suspended in the same manner as it would be on an 

^^''^^Th!* present invention seeks to provide a machine tool 
which can be attached to a workpiece, e.g. an aircraft 
wnicn can -„r£ace of the workpiece, 

engine, in order to machine a surface or 

e.g. a fan seal lining. « 

Accordingly, the present Invention P'-^^" » 
transportable -aohlne tool, comprising " 
^tmg «e»s .rrsnge. to enable the arm to be -""^^J^ 
runted in relation to a workpiece. 

having a machining head including at least one cutting 



eNSDCXiO: <GB . 2240735A I > 



tool, cutting tool drive means arranged to drive the 
cut-ting tool relative to the rotatable arm, and further 
drive means arranged to rotate the arm relative to the 
workpiece . 

The machining head can include a guide arranged to 
cause the cutting tool to follow a predetermined path 
corresponding to a profile to be cut on the workpiece. 

The machining head can be provided with seals around 
its periphery to make a seal with the workpiece so as to 
prevent machining debris from escaping. 

The machine tool can be provided with debris 
extraction apparatus, for example vacuum apparatus to 
extract the debris cut from the workpiece during operation 
of the machine tool. 

The cutting tool drive means can comprise a motor, 
for example a variable speed electric motor, attached to 
the rotatable arm and arranged to drive a tool post on a 
lead screw. 

The rotatable arm can support gauging means, e.g. a 
dial gauge arrangement, to enable the cutting tool to be 
correctly positioned relative to the workpiece, and to 
check a surface of the workpiece after the surface has 
been machined. 

The further drive means for rotating the arm can 
comprise a freestanding transportable power unit Including 
at least one motor, e.g. a variable speed electric motor, 
and a gearbox driven by the motor, the rotatable arm being 
driven by an output shaft of the gearbox, preferably 
through a disconnectable coupling adapted to allow 
misalignment between "the drive means and the rotatable 
arm. The variable speed of the electric motor allows 
different cutting speeds to be adopted. 

The rotatable arm of the machine tool can be attached 
by means of an adaptor arrangement to the end of a fan 
shaft of a gas turbine engine, and caused to machine a 
desired profile of the fan seal lining whilst the engine 
is mounted in a manner corresponding to that in which the 
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engine would be n-ounted in an eircraft. In fact^ It would 

— rjr?.'r.::rs.-i:;::'ri» 

now be n»re particularly described wltn reference to 
accompanying drawings, in which, 

Figlre 1 is a perspective view of a preferred form of 
machine tool according to the present invention secured 

a susoended gas turbine engine; 

Tiguxe I is an elevation of a rotatable an. and 
.achining bead of the ...ohine tool shown in r.gure 1. 

viewed on arrow II in Figure 1: 

Figure 3 shows the machining head of Figure z p 

cut away to reveal greater detail^ 

Figure 4 is a part section on line iv 

Figure 5 is a section on line V-V in Figure 3: 

Figurt 6 is a view on the end of the machining head 

shown in Figures 2 to 5; „ r. 

Figure 7 is a view on arrow -A' in Fxgure 6. 

Figure 8 is a part sectioned elevation the 
gearbox and drive shaft of the machine tool "--^^ 

Figure 9 shows the power transmission shaft of the 

machine tool; o. 
Fiaure 10 is a view on arrow B in Figure 2, 
Figure aw vt-xi in Figure 10; 

Figure 11 Is a section on line XI-XI m rxg 
Fiaure 12 is a view on arrow C in Figure 11; 
Figure ^ Fiaure 1 but showing 

Figure 13 is a view similar to Figure x 

an alternative form of the machine tool. 

Referring to the drawings. Figure 1 ^ 
.ransportahle machine tool 10 attache, to an aircraft 
engine 12. The engine 12 includes * ,3 
,1 Shaft 16, and is suspended from a support structure 
hy a front yolce 20, and a pair of rear links 22 

A fan seal lining 24 of an abradable plastics 
materLl is provided on the internal surface of the an 
casing 14 in the plane of the blades of a fan rotor 



BNSDOCID:<GB 2240735A I > 



4 



will be fitted to the end of the shaft 16 after the 
machining operation is finished. The seal lining 24 is 
profiled by the machining operation, as will be described 
further below, to match the design specification for the 
fan blade tip-to-lining gap in the static and low 
rotational speed conditions. 

The machine tool 10 comprises an arm 26 (see also 
Figure 2) having mounting means 28 at one end and a 
machining head 30 at the other end, positioned so as to be 
adjacent the seal material which is to be machined. 
Machine tool 10 also comprises a free-standing drive unit 
138 comprising a transportable frame or carriage. 

As best shown in Figure 2, the mounting means 28 
includes a flange 34 for attachment to an adaptor (not 
shown) to enable the mounting means to be secured to a 
CURVIC (Trademark) coupling on the fan shaft 16, which 
would normally take the fan rotor. 

Referring to Figures 2 to 5, the machining head 30 is 
mounted at the opposite end of the arm 26, and besides a 
seal box 36 to be described later, also comprises a tool 
slide assembly 38 attached to a wedge-shaped light alloy 
block 41 (Figure 5) by bolts 33 passing through a base 
plate 40 of the assembly 38. In turn, the block 41 is 
attached to a sole plate 43 which is welded to the arm 26. 
Dowels 35 are also provided to locate the base plate 40 
accurately with respect to the block 41 before inserting 
the bolts 33. The base plate 40 is secured to side plates 
44, 46 (see particularly Figures 2 and 3). A tool post 48 
is mounted in the slide assembly 38 on two guide bars 50 
which are secured between the side plates 44,46. The tool 
post 48 is also driven axially by a lead screw 52 which is 
rotatably mounted in rolling element bearings (not shown) 
in the side plates 44,46, the lead screw being driven by 
an electric motor 54 through a reduction gearbox R and a 
belt 55 with pulleys which are enclosed in a cover 56 (see 
Figure 3). The motor 54 is bolted to a support bracket 58 
which is secured to the arm 26. 
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A handle H Is provided on the side of the a™ 26 to 
Bid in manual positioning of the arm. 

The tool post 48 carries a tool 66, which is attached 
to a first radial slide 60 (see particularly "9""= * ""^ 
5, Which is mounted in a second radial slide 62 having a 
guide 64. The cutting tool 66 is clamped to the J° 
ly set screws 68. The first radial slide 60 has an insert 
I with a threaded bore which is engaged by a lead screw 70 
:p:rated by a handle 72, the lead screw 70 being rotatably 
located m a mounting 74 attached to the second ^1"- 
The handle 72 has a scale 76 located = "^^^ 

„ale78 on the mounting 74 to provide fine radial 
adjustment for the cutting tool 66. 

The second radial slide 62 is mounted » =° 

having a guide 82. the lead screw 52 engaging » J* 
the base 80. A guide plate 86 (Figure 2) ^' 
between the side plates 44.46 and has a profile 88 

^-P4i** on which is to be machined m 
corresponding to a profile 90 ^hxch 1 ^ 

the seal material. The second radial slide «^ 

extension arm 92 to which is rotatably -"--^"Jf 

wheel 94. The slide 62 is biassed so ^-^^ 

urged into contact with the prof lie plate 86. thereby 

caLing the cutting tool 66 to follow 

when the tool post 48 is driven by the lead =crew 52 

TWO micro-switches 96,98 are secured to the plate 40 
each being operable on contact by the ^^^J^ ^^'^ 

off the motor 54. thereby limiting the 

tool post in both directions. Both micro-»-ltches are 
adjusfable in position axially of the base P^"- " 
order to ensure that the cutting tool performs the full 
stroke at each end of its traverse. 

Referring particularly to Figures 6 «^ J. ""^ 
36 is Shaped to conform generally to the internal 
Shape Of the face casing. It has brush «e»ls 100 on three 
sidL, and brush seals 102 on s housing 104 which is 
pivotable on pins 106. The top °* ^^^-^7/^ ToUo: 
opening 110 to provide communication with 
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Interior of the arm 26. The Interior of the arm 
communicates with a suction cleaner 112 (Figure 1) Jfia a 
chamber 114 (Figure 9), a duct 116 which rotates with the 
arm 26, a chamber 118, a rotatable sleeve 120, and a 
static hose 122, which is attached to the suction cleaner 
112. If the debris to be collected from the machining 
process is a health hazard, the suction cleaner should be 
constructed to meet B.S. 5415 Section 2:2, Supplement No. 
1. 

The seal box 36 (Figures 6 and 7) is attached to the 
arm 26 and the end plates 44,46 by any suitable means such 
as bolts or studs. The cutting tool 66 extends through an 
opening 124 in the seal box 36, so that the tool can 
contact the workpiece. The opening 124 is sealed by two 
further brush seals 103 (shown "ghosted" in Figure 6), 
which extend across the opening 124 to seal the tool path 
by preventing machining debris from falling through the 
opening, and enabling it to be extracted from the sealed 
space through opening 110 by the suction cleaner 112. 

Referring to Figures 1,2,10,11 and 12 a dial gauge 
assembly 128 is pivotally attached to the arm 26. In 
Figures 1,3 and 10 to 12 it is shown in its operating 
position. Figure 2 shows it swung round to Its 
non-operating or datum checking position. The dial gauge 
itself has an operating arm 128A provided with an 
extension 128B having a roller 128C attached to its end. 

The dial gauge is attached to a support beam 129 
which can be adjusted In the axial direction by engagement 
with two thumb screws 131, one of which is on the unseen 
side of the view in Figure 10. The thumb screws 131 are 
provided in end plates 133 of a housing 130 and allow the 
dual gauge assembly 128 to be fixed in an axial position 
which is determined by a gauge block (not shown) as 
described later. 

The housing 130 is rotatable on a pivot shaft 132 
attached to the arm 26. Two plungers 134 (Figures 11,12) 
enable the housing 130 to be locked in the operative or 
non-operative position. 



aNSOOCID: <Ge 224073SA . I .> 



a 



( 



The operating «n. extension 128B le elidably held In 
« bloc* 128E which is sttaohea to the support beam 129- 
The end of the operating ar- 128A Is sprlng-bla-ed onto 
the radially Inner end of the extension 128B "^i-* ^" 
Shown projecting slightly from the e™> of the block 128E. 
A pin 12eF projects from the radially inner end of the 
extension 128B (projecting out of the paper In Figure 10) 
and slides In a slot as shown In the block 128B By 
pulling the pin 128r radially inward. agai^t . 
oompresslon spring 128G acting between ^ 
block 128E and twisting the pin out of the slot, the 
extension 128B, with roller 128C, can be retracted 
.lightly as required to ensure that the roller does not 
conLt the fan seal lining at any other point when the 
gauge assembly 128 is «mng from the operating to the 
non-operating position. 

Referring particularly to Figures 1,8 and 9 the 
machine tool 10 has a free-standing, drive unit 138, a 
variable speed electric motor of which drives ^JJ" 
through a drive train including a tran»lssion shaft 140 
universal couplings 142,144, sleeve. 146,148, and a pl-t. 
150 fixed to the inner end of the ar- 26. The 
tr»«mls.ion shaft is provided with the universal 
coupling, to allow for a considerable amount ^f 
misalignment (if n«».«ry) between the drive unit 138 and 

drive unit 138 comprlae. a framework 152 provid^ 
with castor wheels 154 »>d Jack. 156. The wheel. 154 
enable the power unit 138 to be moved with ease »d the 
jacks »»ble the unit to be fixed In position relative to 

•^''i:::;work 152 support. .-ctlon cle««r 112 a 
control cabinet 158 ^ the variable -P-- f -^^'^^ """^ 

160. driving a gear box 162 vie • " " 

^ V— la a wonn-and-wheel type 

important that the gearbox 162 is a worm 

ge^Tbox in oraer to pr.v«.t ^^^^^^^l^JZ^ ^ 
causing it to rotate when the drive is sw 
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Note, however, that other means are known which could 
perform the same function. The gear box has a hollow 
output shaft 166 through which passes a drive shaft 167 
connected to the sleeve 146 by a further sleeve 168. The 
two sleeves 146 and 168 are keyed together. The sleeve 
168 Is hollow and the duct 120 Is secured within the shaft 
167 so as to be rotatable with the shaft 166. The duct 
120 serves to conduct waste material from the chamber 118 
to the hose 122, and to prevent the waste material from 
interfering with slip rings 170. The slip rings 170 
conduct electrical power via cabling 172 to the 
microswitches 96,98 and the electric motor 54 on the arm 
26. 

It should be noted that a short electrical connection 
27 is provided between a Junction box on the arm 26 and a 
junction box on a part of the drive unit to which the arm 
26 is fixed. This is a safety feature and ensures that 
the transmission shaft 140 must be connected to the arm 26 
before it can be rotated. 

The control cabinet 158 controls the operation of the 
motor 160, the motor 54, and the suction cleaner 112. 

In order to use the machine tool 10, the arm 26 is 
secured to the engine fan shaft 16 through flange 34. The 
drive unit 138 is then wheeled into position, and raised 
on the Jacks 156, or alternatively it may be designed to 
be dropped onto fixed Jacks by raising the wheels 154. 
The transmission shaft: 140, which is permanently attached 
to the gear box 162, is secured to the arm 26 via the 
plate 150 and the sleeve 148. 

The dial gauge assembly 128 Is provided to measure 
the diameter of the caking, and enables an assessment to 
be made of the amount of material in the f antrack 32 which 
is to be removed during the ma<*inlng operation. The 
gauge assembly 128 is set radially by initially releasing 
the plungers 134 and swinging the assembly to the non- 
operative position, where it is again locked in position 
by the locking plungers 134. The operating arm 128B is 
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^ by .prlng 128G BO th<.t the roller 128C contacts the 
««ln,g.ug. (not shown, . which 1. "^^^r 
fixed setting clock 135 (Figure 2) and the roller 128C of 
Le di.l geuge esse-OMy 128. «.is enable, the ^icator 
of the dial gauge to be set at zero. i... -hen th, dial 
gauge IS set to xero with the ^T^' ' 

si.!ler xero reading t..»n «h«. -easurlng the f» casing 
radius Will Show that the seal ha. be«. -achln«J to 

nominal size* .^^^^ +-Ho 

A. rentloned prevlouely, the axial position of the 
dial ^ur«Be.a,ly 128 -ay be .et with the thu-bscrews 
tst' TO do this, the dial gauge .s«mbly 128 is »oved 
^ially until a setting blocX (not .hown, can be inserted 
^t!^n a -achined detum f ace 137 and the roller housing 
^tTt^ thumbscrews 131 then being tightened. The gauge 
128 1. thus set both radially «>d ».ially relative to the 

-^'V^l- the fan casing radius, the .^J.^ 
asse-bly 128 is swung to the operative position, loc^ ^ 
^sitiol With plungers 134 and the ar. 128B is released to 
allow the roller 128C to contact the fan casing. 

T^ar- can now be driven around the circumference of 
the fan-cesin, and the reeding of *^ '""f J^"'^ 
indicate variations, if any. fro- the correct "dius. 

The tool 66 is initially in a retracted stete end 1. 
set fir ^ -.Chining operation by """^^ ""^^^^ 
,1„1^ radius of the fan casing. The dial geuge^ r«^^ 
Indicating this -ini«- radius is "^^"^^J^ 
gauge »ro reading, and will establish the 
The ar. 26 is rotated until the tool 66 Is at the 
radius position. The tool 66 is drlv«. *^ ^ 
T^7.7.r^ the leed .cr«. until the tool is -^^^ 
the plene of the -inl«- redius. The tool « " 
by the handle 72 until the tool contact, the workplece. 
^ ^ reading is noted and the tool is retracted usi^ 
i..ndle 72 The lead screw 52 ,1. operated again so that 

to one end Of it. total travel, where it 
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is stopped by one of the mlcroswltches . The tool 66 can 
now be advanced using the handle 72 to set the required 
depth of cut. Throughout the traverse of the tool post, 
the cutting tool 66 follows the profile of the guide plate 
88 which corresponds to the profile to be machined in the 
seal material. Preferably, to provide better control of 
the machining operation, the motor 54 is controllable to 
give at least two tool traverse rates, a low rate for 
finish machining and a high rate for roughing. A 
non-machining rapid traverse rate may also be provided for 
convenience of the operator. 

The suction cleaner Is operated whilst machining is 
In progress to extract the material removed. This 
prevents any waste material from entering the engine, 
which could be damaging, and also prevents personal 
contact with the waste material, which could be hazardous. 
Nhen the tool 66 has stopped at the end of its traverse, 
the signal from the microswitch can also be used to light 
an indicator lamp on the cabinet 158 to alert the operator 
to the next operation. The machining operation is 
repeated, if required, with the tool 66 being advanced on 
each cut until the required radius and form have been 
achieved. The radius and form of the machined surface can 
be checked after each cut has taken place. 

It will be appreciated that a machine tool according 
to the present Invention' provides a rapid and accurate 
method of machining a relatively large diameter on a work 
piece. In a state corresponding to that experienced by the 
workplece when In use. 

Although not our preferred option, it would be 
possible to couple the drive unit to the arm 26 via an 
Oldham coupling. However, this provides for only slight 
misalignment between the fan shaft and the drive from the 
drive unit, whereas the universally jointed transmission 
shaft 140 allows substantial misalignment. This is shown 
in Figure 13, where the arrow 200 indicates the Oldham 
coupling. Other parts are substantially as before and are 
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indicted the s»e reference nuebers. It will be 

thet deletion of the trensmleslon shaft In favour of ^ 

01dh«. eoupimg render, the drive unit very doee-coupll 

to the fan shaft. ^ 

Whilst the «chine tool described «*<'«^" 
particularly useful in relation to 9" 
partlculerly lerge turbo-*«> -.Bines, 
Lcordlng to the present lnv«.tlo„ can b. used ^J^^^ 
toother type, of cyllhdrlcal or «^«"^" J^^f*^ 
provided «lth a suitable central axial location for the 

advantaa. of the present inventive design is that 
although the ar. 26 the .eel bo. 36^st ^ 

dl-ensloned to fit a particular engine Wpe, «^ 
therefore. In general, a different one »..t be used^ 
each engine type, the rest of the «chlne tool " 
„ade common to .11 engine types. For 
unit 138 c«, be attached to any boring are 
tool elide assenbly 38 1. mterch^geable on all boring 
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Claims:- 

1. A transportable machine tool, comprising an arm 
having mounting-means to enable the arm to be rotatably 
moxinted in relation to a workpiece to be machined, the 
rotatable arm having a machining head including at least 
one cutting tool, cutting tool drive means to drive the 
cutting tool relative to the arm, and further drive means 
to rotate the arm relative to the workpiece. 
2* A machine tool as claimed in claim 1 in which the 
machining head includes a slide on which the cutting tool 
is mounted and guide means arranged to cause the cutting 
tool slide to follow a pre-determined path on operation of 
the tool drive means. 

3. A machine tool as claimed in claim 1 or claim 2 in 
which the machining head comprises a first slide and a 
second slide, the cutting tool being secured to the first 
slide, and the first slide being secured to the second 
slide, the second slide having following means engaging 
with a profiled face on the machining head. 

4. A machine tool as claimed in claim 3 in which the 
profiled face is provided on a plate attached to the 
machining head, and the following means comprises a roller 
attached to the second slide. 

5. A machine tool as claimed in any one of the preceding 
claims in which the machining head carries sealing means 
to form a sealed space between the machining head and a 
workpiece. 

6. A machine tool as claimed in claim 5 Including a 
suction cleaner and duct means connecting the suction 
cleaner to the sealed space. 

7. A machine tool as claimed in any one of the preceding 
claims in which the cutting tool drive means comprises a 
motor secured to the rotatable arm and arranged to drive a 
lead screw of the machining head. 

8. A machine tool as claimed in any one of the preceding 
claims including gauging means mounted on the rotatable 
arm, the gauging means being movable between an operative 
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end a on-operative position, and having locking n.eans to 
secure the gauging means in either of said positions. 

9. A machine tool as claimed in claim 8 in which the 
gauging means comprises a dial gauge secured on gauge 
support means, the gauge support means being provided with 

said locking means. ^j^a^^ 

10. A .^chlne tool a, cLlmea In «y one o£ the P~«-^ 
clai~. m which the further drive -ea« Is fr.e-at««ing 
with respect to the rotstsWe sr., the further drive -«»s 
being mounted on transportable support -eans. 

11. A^ohinetoola. dal-ed in del- 10 In which the 
tr«.sportabXe support «»>s co.prl«.. . wheeled 
proviHd with etabilislna -an. for «>Baaln, the ground 
during setting up ««J operation of the «chlne tool. 

12. A -aohln. tool .« claimed In any one of the preceding 
clal-s. in Which the further drive «ans includes a .o«r 
end. drive train for tr««mlttlng the drive t«»J*» 
motor to the rotatable arm, the drive train being 
disconnectabXe to allow separation of the rotatable arm 
from the rest of the machine tool. 

13. A machine tool as claimed in claim 12, ^ drive 
tram including a coupling constructed to ellow 
misalignment of the «.ls of rotation of the rotatable arm 
with respect to the drive train. 

14. A.^inetool.s Claimed in Claim 13 in which the 
coupling means comprises an Oldham coupling. 

15. »LchlnetooX«i claimed in claim 16 in which t^ 
coupling co-prises a transmission shaft fitted with 
unlv«rsal Joint means at both ends thereof. 

16. A machine tool as clsi-ed In claim 12 In which «« 
drive train includes a gear bos driven by the motor ^ 
rotatable ar- being driven fro- ». output rt«ft of the 
gearbox through the remainder of the drlv. train. 

?7. A machine tool as delmed in any one of the preceding 
claims in which, when the workplece comprise, the f«. sed 
lining of a turbofan engine, the mounting »e«.s of the 
^tLl. arm is »>apted for mounting on the fan shaft of 
the engine. 
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18. A machine -tool constructed and arranged for use and 
operation substantially as herein described, «md with 
reference to the accompanying drawings. 
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